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mpact of Pregnancy on the
ystemic Right Ventricle After a Mustard
peration for Transposition of the Great Arteries
ntoine Gue´de`s, MD,* Lise-Andre´e Mercier, MD,* Line Leduc, MD,† Lyne Be´rube´, MD,*
ranc¸ois Marcotte, MD,* Annie Dore, MD*
ontreal, Quebec, Canada
OBJECTIVES We sought to determine the impact of pregnancy on the systemic right ventricle (RV) after
a Mustard operation for transposition of the great arteries.
BACKGROUND Dysfunction of the RV remains a continuing problem after a Mustard operation. Concerns
exist about the potentially deleterious effects of pregnancy on this ventricle.
METHODS The records of 16 women who completed 28 pregnancies were reviewed for clinical status,
echocardiographic evaluation of RV dimensions, RV function, and tricuspid regurgitation
(TR) before, during, and after pregnancy.
RESULTS Women were in New York Heart Association functional class I (n  21) and II (n  7)
before pregnancy. The functional class deteriorated in six women, with no return to the
pre-pregnancy level after delivery in two. Data on RV dimensions were available in 18
pregnancies, on RV function in 21, and on TR in 20. Before pregnancy, RV dilation was
absent (n  4), mild/moderate (n  12), or severe (n  2) and progressed in five women
(31%), with no recovery in all patients at the last follow-up. Right ventricular systolic
dysfunction was absent (n  16), mild/moderate (n  4), or severe (n  1) before pregnancy
and progressed in four women (25%), with no recovery in three cases. Tricuspid regurgitation
was absent (n  8), mild (n  9), or moderate (n  3) before pregnancy and deteriorated in
eight women (50%), with no recovery in three patients.
CONCLUSIONS Pregnancy after a Mustard operation is clinically well tolerated but carries a risk of RV
dysfunction, which is sometimes irreversible. (J Am Coll Cardiol 2004;44:433–7) © 2004
by the American College of Cardiology Foundationi
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wransposition of the great arteries (TGA) is a complex
ardiac malformation that carried a mortality rate of 90%
n the first year of life, before the introduction of the
ntra-atrial baffle operation. This type of repair restores
ormal circulation and improves survival but is associated, in
he long term, with dilation of the systemic right ventricle
RV) and, in some cases, with RV systolic dysfunction
1–3). Even if most patients report that they are asymptom-
tic at usual levels of activities 20 or more years after repair
3–5), a reduction in their exercise capacity has been well
ocumented (5–8). As many women who underwent a
ustard operation in infancy are now reaching their repro-
uctive age, concerns exist about the potential deleterious
hort- and long-term effects of pregnancy on the systemic
V. The aim of this study was to determine the impact of
regnancy on the systemic RV in women with TGA after a
ustard operation.
ETHODS
he records of all female patients who had a Mustard
peration for TGA and are followed at the Adult Congen-
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Department of Obstetrics and Gynecology, Sainte-Justine Hospital, Montreal,
uebec, Canada.
Manuscript received January 15, 2004; revised manuscript received March 22,I004, accepted April 6, 2004.tal Heart Center of a tertiary hospital were reviewed. Their
linical status, need for cardiovascular medication, presence
f arrhythmias, and number of pregnancies were noted. The
chocardiographic reports were reviewed for RV dimen-
ions, RV systolic function, and the degree of tricuspid
egurgitation (TR). The RV dimensions were qualitatively
valuated as normal, mildly to moderately dilated, or se-
erely dilated. Right ventricular systolic dysfunction was also
ualitatively assessed as absent, mild to moderate, or severe.
he degree of TR was qualitatively assessed by color
oppler imaging. Maternal complications and fetal out-
ome were noted. Continuous data are presented as the
ean value  SD.
ESULTS
atient population. Of the 24 women followed at our
enter, 16 had a total of 28 pregnancies: 9 had one pregnancy,
had two, 3 had three, and 1 had four. All patients had TGA
ith an intact ventricular septum. The mean age at the time of
he Mustard operation was 43 25 months (range 18 to 108),
nd the mean age at pregnancy was 27  5 years (range 19 to
7). The mean interval between the Mustard repair and the
rst pregnancy was 21  4 years (range 14 to 30). All women
ere in New York Heart Association (NYHA) functional class
(n 21) or II (n 7) before their pregnancies. Five women
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Pregnancy After a Mustard Operation July 21, 2004:433–7ad at least one episode of supraventricular tachyarrhythmia,
nd five had implantation of a permanent pacemaker for sick
inus syndrome before pregnancy. Patients were taking a
ardiovascular medication before 15 pregnancies: angiotensin-
onverting enzyme (ACE) inhibitors (n  3), angiotensin II
eceptor blockers (n  6), methyldopa (n  1), diuretics (n 
), digoxin (n 12), aspirin (n 4), and amiodarone (n 1).
ll medications were stopped at the diagnosis of pregnancy,
xcept for digoxin in three cases and aspirin in two. Clinical
ollow-up after the last pregnancy ranged from 2 to 120
onths (mean 31 32) and after the Mustard operation from
0 to 36 years (mean 27  5).
linical status. There was no maternal death. Six women
38%) had deterioration of their NYHA functional class
uring seven pregnancies (Table 1). This deterioration
ccurred during a first pregnancy in four cases, during a
econd in one, and during a third in two. At the last
ollow-up, all patients went back to their pre-pregnancy
Abbreviations and Acronyms
NYHA  New York Heart Association
RV  right ventricle/right ventricular
TGA  transposition of the great arteries
TR  tricuspid regurgitation
able 1. Clinical and Echocardiographic Data Before, During, an
Pt.
No.
No. of
Pregnancies
NYHA Functional Class Degree of RV
Before During After Before Duri
1 1 I I I — —
2 1 I II I A M/M
3 1 I I I A A
4 1 II II II A A
5 1 II II II — —
6 1 II II II M/M M/M
7 1 II III II S S
8 1 I I I M/M M/M
9 1 I II I M/M M/M
0 1 I I I M/M S
2 I I I M/M S
1 1 I I I M/M M/M
2 I I I M/M M/M
2 1 I I I — —
2 I II II M/M M/M
3 1 I II I — —
2 I I I — —
3 I II II — —
4 1 II II II A M/M
2 II II II M/M M/M
3 II III II M/M S
5 1 I I I — —
2 I I I — —
3 I I I — —
6 1 I I I — —
2 I I I M/M M/M
3 I I I M/M M/M
4 I I I S S
 absent; M/M  mild to moderate; Mod.  moderate; NYHA  New Yor
egurgitation.unctional class, except for two (Patient #12, second preg-
ancy; Patient #13, third pregnancy). Two patients had
rrhythmias during pregnancy: one had junctional bradycar-
ia requiring a permanent pacemaker after delivery and one
ad supraventricular tachycardia for which no treatment was
eeded. Three patients had gestational diabetes, and one
eveloped mild hypertension.
chocardiographic evaluation. At baseline, one patient
ad complete occlusion of her superior baffle, but none had
significant intracardiac shunt or other residual lesions.
Echocardiographic data on the systemic RV dimensions
ere available in 18 pregnancies, with a mean follow-up
fter pregnancy of 24.1 20.0 months (range 2 to 65). Five
omen (31%) had progression of their RV dimensions
uring seven pregnancies (Table 1). This progression in RV
ize was noted during or after a first pregnancy in four cases,
second in one, and a third in two. Two patients (Patients
10 and 14) had progression of RV dimensions with return
o the baseline level after a first pregnancy, and both of them
ad further dilation with no recovery in subsequent preg-
ancies. At the last follow-up, the RV dimensions of these
ve women remained greater than before pregnancy.
Echocardiographic data on systemic RV function were
vailable in 21 pregnancies, with a mean follow-up after
regnancy of 32.6  34.0 months (range 2 to 120). Four
ter Pregnancy
tion
Degree of RV Systolic
Dysfunction Degree of TR
After Before During After Before During After
— — — — — — —
S M/M M/M S Mild Mild Mild
A A A A Mild Mild Mild
A A A A A Mild A
— — — — — — —
S A A A A Mild A
S M/M M/M M/M Mild Mod. Mod.
M/M A A A Mild Mild Mild
M/M — — — A Mild A
M/M A A M/M — — —
S A A A Mod. Mod. Mod.
M/M A A A Mild Mild Mild
M/M A M/M A A Mild A
— — — — A Mild A
M/M A A A Mild Mild Mod.
— — — — — — —
— — — — — — —
— — — — — — —
M/M A A A Mild Mild Mild
M/M M/M M/M M/M Mild Mild Mod.
S M/M M/M M/M Mod. Mod. Mod.
— A A A A A A
— A A A A A A
— A A A A A A
— A A A — — —
M/M A A A — — —
S A M/M S Mild Mod. Mod.
S S S M/M Mod. Mod. Mod.
rt Association; Pt.  patient; RV  right ventricle; S  severe; TR  tricuspidd Af
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July 21, 2004:433–7 Pregnancy After a Mustard Operationomen (25%) had deterioration of their RV systolic func-
ion during four pregnancies (Table 1). This deterioration
as noted during a first pregnancy in two cases and during
second in two. In three of these cases, deterioration of RV
unction was associated with progression of RV dilation. At
he last follow-up, three patients (75%) did not recover to
he baseline level.
Data on the degree of TR were available in 20 pregnan-
ies, with a mean follow-up after pregnancy of 31.5  33.1
onths (range 2 to 120). Eight women (50%) had progres-
ion in the degree of TR during or after nine pregnancies
Table 1). This occurred during or after a first pregnancy in
ve cases, a second in three, and a third in one. At the last
ollow-up, the degree of TR returned to the baseline level in
ve women (63%) but did not recover in three (37%).
linical heart failure. Two of the 16 women required
eart failure therapy during or soon after pregnancy. A
7-year-old woman (Patient #7) in NYHA class II with
evere RV dilation, mild systolic dysfunction, and mild TR
resented with a deterioration of functional class during a
rst pregnancy but did not require medication. Echocardio-
raphic data remained unchanged during her pregnancy. Six
onths after pregnancy, she went back to NYHA class II
ut had progression of TR (from mild to moderate). This
as associated with episodes of atrial flutter. She was then
ut on ACE inhibitors, sotalol, and warfarin.
A 22-year-old woman (Patient #14) in NYHA class II
ith normal RV dimensions, normal systolic function, and
ild TR presented mild RV dilation during a first preg-
ancy. Follow-up echocardiograms over the next five years
howed progressive systolic dysfunction (from normal to
ild). She had a second pregnancy at age 31 years, with
rogression of the degree of TR (from mild to moderate). A
hird pregnancy occurred four months after delivery. During
his last pregnancy, she had to be hospitalized at 28 weeks
f gestation for progressive dyspnea and fatigue requiring
urosemide and hydralazine. An echocardiographic evalua-
ion showed severe RV dilation, moderate systolic dysfunc-
ion, and moderate TR. She remained stable at rest in the
ospital, and an elective cesarean section was performed at
6 weeks of gestation. Six months after delivery, the patient
as in NYHA class II while taking diuretics and ACE
nhibitors, with no improvement in her echocardiographic
arameters.
bstetrical history and fetal outcome. Obstetrical data
ere available in 18 pregnancies. Delivery occurred at a
ean of 38.1  1.5 weeks, with an induction rate of 73%
nd a cesarean section rate of 17% (3 of 18 pregnancies).
he cesarean sections were performed for obstetrical reasons
n two cases and for a heart condition in the patient who
equired heart failure therapy during pregnancy. The mean
irth weight was 3,040  540 g, and no infant had a
ongenital heart defect or other adverse event.
omen with no pregnancy. Eight women did not expe-
ience a pregnancy, and their age ranged from 12 to 72
onths (mean 33) at time of the Mustard operation. Two aomen died suddenly. A 21-year-old woman with severe
V dilation and dysfunction who never had arrhythmias
ied suddenly at work. She had been advised against
regnancy because of severe systemic RV dysfunction and
oor exercise tolerance. A 27-year-old woman in NYHA
lass III with severe TR, severe RV systolic dysfunction, and
bstruction of the superior vena cava baffle underwent
urgical repair of the obstructed baffle and tricuspid valve
eplacement. She died suddenly one week after hospital
ischarge, and the autopsy showed a major acute postero-
eptal myocardial infarction with RV involvement and a
onfunctional tricuspid prosthetic valve covered with
hrombus.
The six survivors were in NYHA class I (n  1) or II (n 
) at 18 to 32 years (mean 24 5) after the Mustard operation.
wo women had been treated for supraventricular arrhyth-
ias, three required a permanent pacemaker, and two were
aking a cardiovascular medication (digoxin and angiotensin II
eceptor blockers in one and sotalol in the other). The last
chocardiographic evaluation showed RV dilation (mild to
oderate in five and severe in one), RV dysfunction (absent in
hree, mild to moderate in two, and severe in one) and TR
mild in six). Two patients were taking oral contraceptive pills,
nd three had had a tubal ligation. One of the latter patients
nderwent reversal of her tubal ligation in order to become
regnant.
ISCUSSION
ilation and failure of the systemic RV associated or not
ith TR remains a continuing problem in patients who
nderwent an intra-atrial correction for TGA, even if the
ast majority of these adults are asymptomatic and able to
ead normal and fulfilling lives (2–4). Women who had this
ype of repair in their childbearing years now go through
regnancy in increasing numbers, but because of the relative
arity of the disease, little is known about the short- and
edium-term impact of pregnancy on the systemic RV.
his study is the largest, to our knowledge, to look at the
mpact of pregnancy on the systemic RV.
Pregnancy imposes an increasing, sustained hemody-
amic burden on these patients, the consequences of which
ave not been well studied. During pregnancy, there is a
0% to 50% increase in blood volume, and the heart rate
ncreases by about 10 to 20 beats/min. There is also a
ecrease in systemic and pulmonary vascular resistance. All
hese changes result in a 30% to 50% increase in cardiac
utput, with a maximum rise around 32 weeks of gestation
9). However, the systolic function that is preserved
hroughout most of pregnancy diminishes near term and
arly postpartum because of decreased contractility and
educed preload (10). During a normal pregnancy in a
ealthy woman, all cardiac chamber dimensions increase on
chocardiography, with an augmentation of 20% in the
ize of the right atrium and RV, 12% in the size of the left
trium, and 6% in the size of the left ventricle (11,12). A
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Pregnancy After a Mustard Operation July 21, 2004:433–7ild progression in valve regurgitation can be present, but
ll these modifications return to the baseline level after
elivery.
In case reports and small series of up to 11 pregnancies
13–21) looking at the outcome of pregnancy in asymptom-
tic or mildly symptomatic women after an intra-atrial baffle
epair, the authors have described symptomatic heart failure
equiring therapy during pregnancy (13,14,16,17,19–21),
eterioration in RV systolic function (13,14,16,19,20), de-
elopment of supraventricular arrhythmias (13,14,18,21),
troke (21), and death (20,21). These results, like our data,
onfirm that pregnancy after a Mustard operation can be
uccessful but carries a risk of deterioration in functional
lass, even in women who are asymptomatic before preg-
ancy. In these reports, there was no systematic echocar-
iographic assessment of the RV.
Clarkson et al. (22) reported the clinical outcome of 15
regnancies in nine asymptomatic women who remained
ree of cardiac symptoms during or after pregnancy. In this
eries, echocardiographic data were available in three preg-
ancies, and the authors noted an increase in RV volumes
y 31 to 32 weeks of gestation. Volumes decreased eight to
1 weeks postpartum but remained greater than those in
arly pregnancy. There were no significant changes in
jection fraction or the degree of TR. The data from these
hree patients are confirmed in our study, which shows that
he volume overload of pregnancy is associated with an
ncrease in RV dimensions.
The fact that some women may experience worsening of
heir functional class during or immediately after pregnancy
ould be related to many factors. The observed increase in
he size of the systemic ventricle that accompanies a normal
regnancy may, in this particular case, increase the regur-
itation of a tricuspid valve functioning at systemic pressure,
ith an ensuing increase in left atrial pressure. The authors
ave shown that patients who underwent a Mustard proce-
ure sometimes fail to increase their cardiac output with
xercise, a fact that has been variously attributed to impaired
ontractility, chronotropic incompetence, or impaired atrio-
entricular transport secondary to the abnormal intra-atrial
athways (6,23,24). With the physiologic changes of preg-
ancy being similar to the ones observed during exercise but
ccurring over an extended period, the incapacity to increase
ardiac output may explain the clinical deterioration ob-
erved in some patients.
As pregnancy after a Mustard operation is clinically
ell tolerated, it seems reasonable not to discourage
omen from going through a pregnancy if they have a
ood functional class, good exercise capacity, and normal
r near normal RV systolic function. These women must,
owever, be made aware of the possibility of RV dys-
unction occurring with pregnancy, and that this deteri-
ration may occur at their first pregnancy, even if they are
symptomatic, and that it might not be reversible after
elivery. The long-term impact of the changes that could
ccur during pregnancy remains unknown, and closelinical and echocardiographic follow-up should be main-
ained in the months after delivery. In symptomatic
omen with poor systemic RV function, pregnancy
hould probably be discouraged.
tudy limitations. Because of the retrospective nature of
he study, some echocardiographic data were unavailable
r not routinely performed at the time of pregnancy. We
ad to rely on qualitative assessment of the RV dimen-
ions and function, but 75% of the echocardiograms were
erformed by the same two echocardiographers (Drs.
ercier and Dore). As systemic ventricular dysfunction
an progress in all patients with a Mustard procedure, it
annot be excluded that part of the deterioration observed
uring pregnancy was related to the natural history of the
isease. However, the relatively short follow-up period
akes this improbable.
onclusions. Pregnancy after a Mustard operation can be
linically successful but carries a risk of RV dysfunction that is
ometimes irreversible. Further studies are needed to evaluate
he long-term impact of pregnancy on the systemic RV. In the
eantime, close collaboration between cardiologists with ex-
ertise in congenital heart disease, obstetricians, and anesthe-
iologists is essential to ensure appropriate counselling before
nd adequate follow-up during and after pregnancy.
eprints requests and correspondence: Dr. Annie Dore, Adult
ongenital Heart Center, Montreal Heart Institute, 5000 Be-
anger Street East, Montreal, Quebec, Canada H1T 1C8. E-mail:
nnie.dore@sympatico.ca.
EFERENCES
1. Gelatt M, Hamilton RM, McCrindle BW, et al. Arrhythmia and
mortality after the Mustard procedure: a 30-year single-center expe-
rience. J Am Coll Cardiol 1997;29:194–201.
2. Piran S, Veldtman G, Siu S, Webb GD, Liu PP. Heart failure and
ventricular dysfunction in patients with single or systemic right
ventricles. Circulation 2002;105:1189–94.
3. Wilson NJ, Clarkson PM, Barratt-Boyes BG, et al. Long-term
outcome after the Mustard repair for simple transposition of the great
arteries: 28-year follow-up. J Am Coll Cardiol 1998;32:758–65.
4. Hochreiter C, Snyder MS, Borer JS, Engle MA. Right and left
ventricular performance 10 years after Mustard repair of transposition
of the great arteries. Am J Cardiol 1994;74:478–82.
5. Meijboom F, Szatmari A, Deckers JW, et al. Long-term follow-up (10
to 17 years) after Mustard repair for transposition of the great arteries.
J Thorac Cardiovasc Surg 1996;111:1158–68.
6. Derrick GP, Narang I, White PA, et al. Failure of stroke volume
augmentation during exercise and dobutamine stress is unrelated to
load-independent indexes of right ventricular performance after the
Mustard operation. Circulation 2000;102 Suppl III:III154–9.
7. Paul MH, Wessel HU. Exercise studies in patients with transposition
of the great arteries after atrial repair operations (Mustard/Senning): a
review (with discussion). Pediatr Cardiol 1999;20:49–56.
8. Ebenroth ES, Hurwitz RA. Functional outcome of patients operated
for d-transposition of the great arteries with the Mustard procedure.
Am J Cardiol 2002;89:353–6.
9. Cole PL, Sutton MS. Normal cardiopulmonary adjustments to preg-
nancy: cardiovascular evaluation. Cardiovasc Clin 1989;19:37–56.
0. Mone SM, Sanders SP, Colan SD. Control mechnisms for physio-
logical hypertrophy of pregnancy. Circulation 1996;94:667–72.
1. Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors
influencing changes in cardiac output during human pregnancy. Am J
Physiol 1989;256:H1060–5.
11
1
1
1
1
1
1
2
2
2
2
2
437JACC Vol. 44, No. 2, 2004 Gue´de`s et al.
July 21, 2004:433–7 Pregnancy After a Mustard Operation2. Campos O. Doppler echocardiography during pregnancy: physiolog-
ical and abnormal findings. Echocardiography 1996;13:135–46.
3. Shime J, Mocarski EJ, Hastings D, Webb GD, McLaughlin PR.
Congenital heart disease in pregnancy: short- and long-term implica-
tions (erratum in: Am J Obstet Gynecol 1987;156:1361). Am J Obstet
Gynecol 1987;156:313–22.
4. Neukermans K, Sullivan TJ, Pitlick PT. Successful pregnancy after the
Mustard operation for transposition of the great arteries. Am J Cardiol
1988;62:838–9.
5. Nwosu UC. Pregnancy following Mustard operation for transposition
of great arteries. J Tenn Med Assoc 1992;85:509–10.
6. Lynch-Salamon DI, Maze SS, Combs CA. Pregnancy after Mustard
repair for transposition of the great arteries. Obstet Gynecol 1993;82:
676–9.
7. Lao TT, Sermer M, Colman JM. Pregnancy following surgical correction
for transposition of the great arteries. Obstet Gynecol 1994;83:665–8.
8. Megerian G, Bell JG, Huhta JC, Bottalico JN, Weiner S. Pregnancy
outcome following Mustard procedure for transposition of the great
arteries: a report of five cases and review of the literature. Obstet
Gynecol 1994;83:512–6.9. Rousseil MP, Irion O, Beguin F, et al. Successful term pregnancy after
Mustard operation for transposition of the great arteries. Eur J Obstet
Gynecol Reprod Biol 1995;59:111–3.
0. Genoni M, Jenni R, Hoerstrup SP, Vogt P, Turina M. Pregnancy after
atrial repair for transposition of the great arteries. Heart 1999;81:
276–7.
1. Siu SC, Sermer M, Colman JM, et al. Prospective multicenter study of
pregnancy outcomes in women with heart disease. Circulation 2001;
104:515–21.
2. Clarkson PM, Wilson NJ, Neutze JM, North RA, Calder AL,
Barratt-Boyes BG. Outcome of pregnancy after the Mustard operation
for transposition of the great arteries with intact ventricular septum.
J Am Coll Cardiol 1994;24:190–3.
3. Ohuchi H, Hiraumi Y, Tasato H, et al. Comparison of the right
and left ventricle as a systemic ventricle during exercise in patients
with congenital heart disease. Am Heart J 1999;137:1185–94.
4. Ensing GJ, Heise CT, Driscoll DJ. Cardiovascular response to exercise
after the Mustard operation for simple and complex transposition of
the great arteries. Am J Cardiol 1988;62:617–22.
